VVTIME (LVET) is of value in assessing cardiac performance,1-3 previous noninvasive methods for determining this interval have been of limited practical use. The external carotid pulse tracing, for example, is difficult to obtain for prolonged periods and particularly during physiological stress such as exercise. Densitometry is a simple noninvasive procedure by which pulsatile blood flow in tissues can be recorded and LVET measured.
Thirty-nine patients of both sexes, undergoing diagnostic cardiac catheterization were studied. The group included subjects with normal cardiac hemodynamics as well as patients with cardiomyopathy, mitral valve disease, and coronary artery disease.
All subjects were fasting and recumbent. Under fluoroscopic control, a #7 or 8 F arterial catheter was placed in the ascending aorta, just above the aortic valve. Thirtytwo patients were evaluated while at rest. Seven patients were studied under one or more of the following conditions: atrial fibrillation (3 patients), exercise (3 patients) and atrial pacing (2 patients).
Pressure Recordings
Arterial pressure was obtained through a P23Db Statham Circulation, Volume 50, December 1974 transducer and recorded at a paper speed of 75 mm/sec on an Electronics for Medicine DR12 photographic recorder.
Since artifacts tend to obscure the visualization of the dicrotic notch of the aortic pressure tracing when fluid-filled catheters are used, signals above 15 Hz were attenuated at 6 dB per octave. These artifacts are demonstrated in figure IA and can be reduced without significant loss of signal resolution by the use of a low-pass filter ( fig. LB) . A similar high frequency attenuation system has been shown to provide satisfactory fidelity in recording physiologic pressures and derivatives over a wide range of heart rates.6
Densitometry
The densitogram is a graphic display of changes in tissue optical density during the cardiac cycle. The tracing resembles an arterial pressure recording in shape, but is significantly damped. The rapid upstroke and the sharpness of the dicrotic notch, as seen in central aortic pressure tracings, are relatively indistinct, although they can be clearly located through the use of a differentiator5 or appropriate filter ( fig. 2 ), both of which exaggerate the high frequency components of the signal ( fig. 3 ).
The densitograph,* which can be line or battery operated, contains a photoelectric transducer designed to fit snugly over the pinna of the ear. This is a small, lightweight device A warm-up period of several minutes was allowed to permit full dilatation of the ear vessels before recordings were obtained. Vasodilatation, induced by heat generated by the light bulb of the ear piece, increases phasic tissue flow and improves the signal-to-noise ratio of the recordings.'
Methods of Measurements
Method I. The beginning and end of left ventricular ejection are located on the unfiltered, undifferentiated densitographic tracing, as follows: the points of departure of a tangent drawn to the most rapidly rising and declining components of the densitographic curve are determined. The upstroke is termed "u' and at the end of left ventricular ejection, the downstroke of the tracing is designated "d. " The left ventricular ejection period is the interval, in milliseconds, between the points "u" and 'd' (fig. 3 ).4 5 Method II. The differentiated or filtered densitographic signal requires no graphic extrapolation as described above for the determination of LVET. The "u" and "d" points are directly determined from the tracing (fig. 4) . In view of its greater simplicity, this method was used for most of the densitographic determinations in this study.
The ejection periods were calculated indirectly by measuring the time from the onset of ventricular depolarization (ECG lead II) to the "u" (time a) and "d" (time b) points of the densitogram recordings. Calculations of LVET in milliseconds were made by subtracting time "a" from "b." To avoid observer bias, densitographic measurements were made independently and without knowledge of the aortic systolic intervals. In three patients with atrial fibrillation, a total of 92 beats with varying cycle intervals (from 505 to 1500 msec) were analyzed. The relationship between direct and densitogram-derived LVETs is demonstrated in figure 6 . The correlation coefficient was 0.975 and the regression equation, y = 21.6 + 0.91x; SDR = 6.7 msec. The mean difference between the central aortic pressure tracing and densitogram-derived LVET was 0.66 ± 7.2 msec (NS).
Exercise
Three patients performed supine leg exercise during cardiac catheterization. The heart rate range was from 66 to 115 beats/min. LVET was measured from the central aortic pressure tracing and the densitogram (method II) in a total of 95 beats at differing heart rates. The correlation coefficient was 0.951 and the regression equation, y = 13.6 + 0.96x; SDR = 6.2 msec ( fig. 6 ). The mean difference was 1.66 ± 6.2 msec (P < 0.05).
The error in the estimation of LVET by densitometry, assuming aortic-derived measurements to be error-free, was less than 5% in 31 and 30 out of 32 patients by methods I and II, respectively (97% and 94%). In the beat-to-beat determinations, the error was less than 5% in 95% of all the measurements during atrial pacing, atrial fibrillation and exercise. Although both densitographic methods used in this study gave satisfactory results, method II was considered more practical. In addition, the discrete points provided by this method for measuring LVET were less subject to error or observer bias. A small systematic error in the assessment of LVET was found (table 1). These errors of 4.0, 2.3 and 1.7 msec are less than 2% of an average ejection time and considered too small to be of practical significance. Some minor discrepancies occasionally found between aortic and densitogram LVETs might be attributed to the fact that the aortic-derived measurements were considered to be error-free, which may not necessarily be the case. 
